Observations of Changes of Blood

Introduction
Hypertension (HT) is therapeutically resistant when the blood pressure (BP) level cannot be normalized with a diuretic-containing triple drug combination administered at a maximum dose [1] . It is true that most of these cases are not really resistant and it is more likely that the therapeutic choice or the compliance or sometimes both of them are inappropriate. The exact prevalence of resistant HT is difficult to determine, it ranges from 5% to 30% depending on populations and the circumstances of data collection [2] . In a patient with HT that can only be managed with multiple drug combination after excluding all the so-called conventional secondary etiological factors, the neurovascular pulsatile compression (NVPC) of the rostral ventrolateral medulla (RVLM) on the left side may be the background reason. In such cases the neurovascular decompression (NVD) can decrease the blood pressure effectively [3] [4] [5] .
Central regulation
The RVLM located in the brain stem is the centre of the neuronal regulation of blood pressure (BP) and heart rate (HR). Cranial nerve IX (the glossopharyngeal nerve) carries afferent signals from the aortic arch and cranial nerve X (the vagus nerve) does the same from the carotid sinus. The left nerve X also carries afferent signals from the mechanoreceptors in the left atrial wall [6] . The sympathicoexcitatory, so called C1 neurons are situated in the RVLM, about 1 mm below the surface of the brain stem. Efferent fibres lead from there into the preganglionic sympathetic neurons located in the intermediolateral column of the thoracic spinal cord. Discharging of these neurons increases systemic sympathetic activity [7] . An activation of the C1 neurons elevates the BP, whereas deactivation of it decreases the BP [8, 9] . The caudal medulla oblongata is a depressor region that can inhibit the RVLM directly.
Neurovascular pulsatile compression
Trigeminal, glossopharyngeal neuralgias and hemifacial spasm are caused by NVPC by elongated and/or not typically placed arteries. Around thirty years ago it was reported first time that NVPC of the RVLM also can be behind of the arterial HT. The posterior inferior cerebellar artery (PICA) and/or the vertebral artery (VA) can compress the root-entry zone of cranial nerves IX and X and/or the C1 neurons containing the retro-olivary sulcus near to the root-entry zone on the left side [5, [10] [11] [12] [13] .
Objective
It was retrospectively investigated whether is there an association between the types of NVPC and the systolic and diastolic (BP) before and after NVD and/or between the types and the changes of BP after NVD.
Ethics committee approval
Approved by the Human Investigation Review Board, University of Szeged, Albert SzentGyorgyi Medical and Pharmaceutical Centre (2/2007).
Methods
Between 2000 and 2004, using a neurosurgical database, a magnetic resonance investigation combined with angiography (MRA) was performed in 50 resistant primary HT cases. The criterion for MRA was to exclude previously all the possible secondary causes of resistant HT.
For the MRA a 1T Sigma Horizont LX General Electric device with a 3D spoiled gradient echo /3D time-of-flight technique was used. The volume thickness was 60-70 mm and the slice thickness was 1 mm. The time of echo was 2.9 msec, the time of repetition was 33 msec and the flip angle was 20 degrees. The maximum intensity projection was reconstructed in an optional plane. The requirement for a positive MRA Legrady/Voros/Bajcsi/Fejes/Barzo/Abraham: Types of Brain Stem Compression and Blood Pressure finding was a touch between the looping arteries and the surface of the RVLM at the root entry-exit zone of nerves IX and X, or between the looping arteries and the cranial nerves IX and X on the left side. All the MRA readings were done by the same expert radiologist.
Based on possible anatomical variations according to MRA, different groups were formed. In group BS the NVPC affected only the brain stem (on right side: BSR, on left side: BSL, on both sides: BSB). In group N the NVPC affected only the nerves IX-X (on right side: NR, on left side: NL, on both sides: NB). In group D dual NVPC could be observed affecting both the brain stem and the nerves (on right side: DR, on left side: DL, on both sides: DB).
NVDs were performed under anaesthesia. Following a retromastoidal suboccipital craniotomy on the left side, identifying the anatomical structures a tissue-friendly haemostatic sponge (SpongostanTM, Johnson & Johnson Medical Ltd.) was placed between the arteries and the nerves or the surface of the RVLM. All the procedures were performed in the Department of Neurosurgery in Szeged.
BP readings were recorded at the time of the last visit, a few days before the NVD, and at the end of 1st postoperative week in the 1st Department of Internal Medicine in Szeged which is one of the Excellence Centers of the European Society of Hypertension. BP readings were performed by manual sphygmomanometer. Means of two measurements were calculated.
Data were compared statistically by means of parametric one-way analysis of variance (ANOVA). The relationships between the types of the compressions and the BP levels were analysed with Pearson's correlation test. Probability levels p<0.05 were taken as significant. Means ± SD are reported.
Results
According to the MRA from the 50 patients no kind of NVPC was found in 6 cases. Leftsided neurovascular contact was found in 43 cases, and right-sided contact in 1 case. Fifteen patients had type BS, 12 patients had type N and 17 had type D compression (Table 1) .
NVD was recommended to severe primary HT patients with neurovascular contacts only on the left side. In the cases of left-sided neurovascular contact with only mild-tomoderate increased BP level the NVD was not recommended. NVDs were performed on the 18 patients who agreed to surgery. Only 13 of these were patients of the Szeged 1st Department of Internal Medicine and the others were only sent for the surgical procedure from other hospitals, therefore data concerning them could not be collected retrospectively. Therefore only the data on the 13 patients was analysed in this work. In the 1st Department of Internal Medicine NVD was recommended not just in a case of severe HT but a positive family history of fatal or non-fatal cardio-/cerebrovascular complications was also required. Of course all possible secondary causes were excluded in all cases prior to MRA.
In the course of the 18 NVD procedures, the MRA findings were confirmed in all but one case using the neurosurgical database. In this case, the MRA indicated NVPC of the rootentry zone of cranial nerves IX and X and of the RVLM caused by the PICA and the VA on the left side. However, NVD revealed only NVPC of the RVLM caused by the VA.
Both the systolic and the diastolic BP (SBP and DBP) levels decreased significantly after the NVD, as did the pulse pressure (PP). The need for the antihypertensive medication was calculated as the sum of the number of different drugs administered. It also decreased in most of the cases after NVD (Table 2) . The type D NVPC was observed most frequently among the 11 operated patients, 6 of them on the left side and 1 on both sides. However in the latter case NVD was performed only on the left side ( Table 3) .
The significance of differences of mean BP values before and after the NVD only derived from the significant differences observed in group DL. The decreases of BP were not statistically significant in other goups and subgroups (Table 4 ).
All the NVDs were successful, no serious complications of it or death connected with it were observed. Only transient vertigo appeared in some cases after the decrease of BP levels.
No correlation was found between either the types of NVD and the pressure or the number of antihypertensive agents. However the change of BP after NVD was only significant in cases of dual NVPC on the left side. The absolute BP values of these patients did not differ significantly from the others.
Discussion
The RVLM is the major centre for the regulation of the systemic BP and HR via sympathetic nerve activity (SNA). The cranial nerve IX carries afferent signals from the aortic arch, whereas cranial nerve X does so from the carotid sinus. The left nerve X also carries afferent signals from the mechanoreceptors in the left atrial wall [6] . The sympathico-excitatory Table 4 . Blood pressure and pulse pressure values in operated patients by neurovascular pulsatile compression subgroups. *p<0.05 after vs. before; **p<0.01 after vs. before; mean±SD catecholamine synthetising C1 neurons are situated in the RVLM, probably 1 mm below the surface of the brain stem. These catecholaminergic C1 neurones have an important role in maintaining resting sympathetic vasomotor tone and arterial HT. Efferent fibres lead from there into the preganglionic sympathetic neurons located in the intermediolateral column of the thoracic spinal cord. The discharge of these neurons increases the SNA [8] . Stimulation of the C1 neurons with glutamate elevates the BP, whereas cooling or destruction of this region decreases the BP, as does stimulation with gamma-amino butyric acid [3, 4, 9] .
The NVPC at the root-entry zone of cranial nerves IX and X can cause a temporary oxygen deficiency, which blocks signal transmission into the nucleus tractus solitarii (NTS). Therefore it will not be activated and the C1 neurons released from the physiological inhibition caused by the NTS [4] . According to another theory, direct excitation of the C1 neurons by arterial pulsation can surpass the inhibitory signals from the NTS, causing a permanent discharge of the excitatory neurons [14] .
Microanatomical investigations performed by Naraghi et al. of samples from cadavers of HT patients did not reveal either demyelinization or degeneration provoked by NVPC [4] . In that work they described 3 types of NVPC: type I (monovascular): compression by only the VA or only the PICA; type II (vertebral): compression by only the VA; and type III (combination): compression by both the VA and the PICA. Our grouping was similar to theirs.
In a recent Japanese study it has been reported, similar to many previous studies, that prevalence of NVPC of the RVLM was significantly higher in the group of patients with primary HT (35%) than in the normotensive group (13%) (p<0.05) [3, 4, [14] [15] [16] [17] [18] . A recent study using high-resolution MRI scans with 1 mm slices showed that the frequency of NVPC of the RVLM was clearly and significantly higher in patients with primary HT (73.5%) than in patients with secondary HT (12.5%) [19] .
Since Jannetta's papers many studies have confirmed that an NVD of the RVLM on the left side decreases the BP value, even lasting for many years [6, 9, 20, 21] . Among others Sasaki et al. reported successful NVD in cases of 4 refractory HT patients [22] . Three of them had hemifacial spam. Our patients did not show any symptoms of cranial rhizopathies. In a previous work we described that 2 years after a successful NVD the BP values and the therapeutic efforts were decreased compared to the pre-operative period [23] .
In primary HT patients with NVPC on the left side of the RVLM there is a significantly increased plasma norepinephrine level confirming the elevated SNA [24, 25] . More evidence for increased SNA is the increased muscle SNA in primary HT patients with NVPC of the RVLM [26] .
German authors have presented their results of 14 HT patients with more than 3 antihypertensive drugs who underwent NVD procedure. Not only the BP but also SNA decreased after NVD [27] .
A Japanese team have reported a case of a patient, with resistant HT and NVPC of the RVLM on the left side, who experienced notable BP reduction by clonidine therapy [28] . However, unfortunately not all the NVPC HT patients react to central-acting antihypertensive agents, otherwise discussion about a possible beneficial neurosurgical procedure would not be necessary.
According to the literature NVD is usually performed in HT patients with at least 3 different antihypertensive drugs. In our cases the mean number of antihypertensive agents were 5.
Conclusion
In conclusion, in cases of severe resistant primary HT, without any possible so-called conventional secondary causes, not responding to multiple combinations of therapy, NVPC of the brain stem should be considered and MRA performed. If NVPC is confirmed by MRA, successful neurosurgical NVD of the brain stem on the left side can guarantee a BP reduction Legrady/Voros/Bajcsi/Fejes/Barzo/Abraham: Types of Brain Stem Compression and Blood Pressure with less or same need for antihypertensive medication. From our results NVPCs on the left side of the brain stem may relate to HT, but the type of the NVPC does not correlate to the BP values. Therefore, perhaps, neither the location nor the number of NVPCs on the left side, affect the degree of the SNA. From this point of view the fact of NVPC on the left side is the most important not its type. A continuous pulsatile stimulation of the RVLM on the left side may lead to a tonic increase in SNA and HT, but it cannot explain all the refractory HTs. A new question arises here: if NVD may affect the BP and the SNA, is it really a case of a primary HT or is it one of an unconventional secondary form? More data are needed to decide this.
